At intervals during the last three years it has been my duty to ascertain the value of the illuminating power of different sources of light, which have been brought before Government for military pur poses. As there is nothing secret in the results obtained, it seemed to me that I might communicate them to the Royal Society, I have obtained permission so to do.
There are certain difficulties to be overcome which affect the measurements, as it will be evident th at the question of colour enters largely into them, which are not so great when lights produced by comparatively low temperatures are in question.
My first attempt to obtain a comparison of the value of any two lights was made by the method of extinction, that is, by introducing between the light and the eye a screen graduated in opacity. A f comparing this method with th at which I have recently adopted, I am not inclined to quarrel with it. Originally I employed a wedge of green-black glass for the screen, but owing to a complication in the results due to different coefficients of absorption for different parts of the spectrum, I had resort to strips of photographically graduated glass, the necessary black colour being obtained by toning with a platinum salt, and a consequent deposition of platinum black. W ith a couple of these slips back to back, and with the ends showing the greatest opacity placed together, a graduation was obtained varying between nearly total transparency and an opacity sufficient to cut off the direct rays of the strongest sunlight even when the eye was in its most sensitive condition. These strips being cemented together, and the relative opacity of every division of a small scale having been ascer tained, they were caused to pass in front of a narrow slit which was open to the light to be tested. When all trace of light had dis appeared readings were-taken, and from the series the value of the light calculated. The great defect in this method is the variation in the sensitiveness of the eye, and when employing it, it is necessary to be excessively cautious to take the readings under precisely similar cir cumstances, and also to check them from time to time by the extinc tion of some standard light. Thus I found that the mavirm1Tn sensitiveness of the eye was practically attained after it had been excluded from the light for two minutes. Readings taken before that interval had elapsed were invariably too high, while afterwards they were fairly equable.
The annexed series shows this result. The readings were commenced after exposure of the eye to an ordinary reading lamp, and continued for more than ten minutes.
3*16 a t the commencement. 3'28 at the end of £ minute's darkness. 3*38 at the end of 1-J "
•,, 3*42 at the end of 2? " " 3*48 at the end of 3 " " 3*45 at the end of 5 " " 3*48 at the end of 10 " "
A similar form of instrument was made for Sir Charles Wheatstone without his knowledge of the existence of m ine; but I am unaware of the results he obtained.
In the diagrams which accompany this paper I have given the curve of intensity of the magneto-electric light generated by a machine, similar to that to which reference will subsequently be made, and it will be noticed how close is the agreement between it and the curve which indicates the intensity of the blue light.
Later it was my endeavour to compare the values of the different coloured components radiated from any source of light, and my original apparatus consisted of a double spectroscopic arrangement by which the lights from the two sources entered by different slits into the spectroscope, and to the eye the spectra appeared vertically one over the other. After screening off all of the two spectra except a narrow strip, and by applying a telescope with a divided lens, as will shortly be described, the intensities of the two strips were equalised by widen ing or narrowing one or other of the slits. The ratio of the widths of the slits gave approximately the values of the different intensities of the light in the particular part of the spectrum. For light giving a continuous spectrum this method answered admirably, and I believe it was on the same principle that Lord Rayleigh measured the relative values of sky and sunlight; but for lights whose spectra were discon tinuous the method failed owing to the labour it involved. This i method was then abandoned, and another was sought which should ; integrate two or three parts of the visible spectrum.
In my hands Bunsen's method of photometry has always been un-i certain, perhaps through some personal obliquity, though I believe that with other persons the same uncertainty has been observed. Rumford's method has never been a favourite, but I believe th at if the following modification of it be adopted, there can never be much difficulty in comparing lights of similar colours. The problem which I set myself was to obtain shadows of equal size, and to place them side by side as seen by the eye. The following plan accomplishes th is :-In an opaque screen of some half metre square two equal slits of about half a centimetre in width and 7'5 centimetres in length were cut parallel to one another, the lengths being vertical. These slits were separated by 7'2 centimetres, and were covered with a diaphanous screen, white tissue paper being apparently the best substance to employ, though ground glass was also tried. The tissue paper was placed at a small distance from the opaque screen, so th at the texture was invisible when the borders of the slit were sharp when viewed by an observing telescope. A rod of a centimetre in diameter was placed in front of the tissue screen, and so arranged that the shadows thrown by the two sources of light entirely covered the slits. The movable light was caused to travel along a scale fixed at such an angle as to ensure this always occurring. The necessary precautions were, taken to ensure that the shadows falling on the screen were at equal dis tances from the centre of the rod.
In order to cause the two shadows thus thrown to approach each other, a divided lens of about 16 centimetres focus was made to form the objective of a telescope, and by carefully separating the optical centres Of the two halves (see figure) when the line of division was 1878.] the Photometry o f the Magneto-Electric .
kept in a horizontal position, the images of the two slits could be caused to approach one another, and could be viewed in the same field by an eyepiece. By turning the telescope in its Y's the same result could be obtained, though in this case the image seen of the one slit would be formed by the opposite half of the lens to that which formed it in the first observation. Measurements were taken with standard lights, till the adjustment was found which gave equal illumination of both sides of the lens. When the opaque screen, the telescope, and the head of the observer were carefully shielded from all extraneous light, the observations are singularly accordant. The following observations made with a standard candle and a paraffin lamp, the light traversing a red medium, will give an idea of the correctness of the results:- If there be any drawback to this method, it is that an assistant is required to alter the distances of the movable light.
Readings of the Lamp in Candle Rower
I may also remark that there are shades of light between which it is sometimes difficult to judge. If too bright the requisite diminution can be obtained by using diaphragms in the telescope, and by altering the magnifying power of the eye-piece. If too dark, an addition to' the light which reaches the slits may be given by giving them an equal amount of illumination from an independent source.
To secure the separation of the different portions of the spectrum, resort was had to absorbing media. After many trials I came to the conclusion that nothing seemed preferable to red glass, which absorbed practically every part of the spectrum except the red end, and an ammoniacal solution of copper sulphate. These two absorbing media were employed in the experiments which I am about to describe; very little of spectrum is left unaccounted for, and the results obtained are sufficiently striking to record.
A red glass was obtained which had sufficiently plane surfaces, and a cell with parallel sides was used for holding the copper solution. The absorbing media were placed between the rod and the opaque screen, and absolutely parallel with the latter.
The following is an outline of the experiments to which the atten tion is to be drawn. The primary object was to ascertain the relation between the horse-power expended, the light produced, and the number of revolutions of the armature. The machine employed was of the j Gramme form, and weighed somewhere about 17 cwt. I t had three pairs of vertical coils, one of which was used for magnetization. To work it, what is known as the steam sapper was employed. This is a road locomotive from the shops of Aveling and Porter, of Rochester, and is adapted to driving machinery by applying a band to the fly wheel. It works fairly steadily when not overtaxed. An indicator was attached for taking diagrams from which to calculate the horse power expended. The number of revolutions of the armature was ;• taken by a velocimeter, and a large tangent galvanometer was inserted in the circuit, the diameter of the arc being 33 times th at of the needle. An automatically working electric lamp having perfectly dry square carbons of £ inch side was the source of light, and was placed at fixed distances of 75, 150, or 50 feet from the measuring apparatus as circumstances required. I t gave a steady light when the engine worked regularly, and the brilliancy of the light was not increased by altering the distance apart of the carbons. W hen a series of readings was to be taken, the horse-power expended in driving the machine with the collecting brushes up was found, and then the brushes turned down, and the light allowed to burn for ten minutes before any measurement was taken. The number of revolutions of the armature was then approximately ascertained, and a diagram taken when the velocimeter was applied to the machine. The readings of the galvanometer were recorded by an assistant working under my colleague, Captain Armstrong, R.E., and then measurements of the illuminating power taken by myself and checked by an intelligent assistant. The light transm itted through the red medium was first measured, and then through the blue. If the first and last of the read ings compared favourably with each other, the series was taken as worthy of confidence. If, on the other hand, great fluctuations were observed, which was sometimes the case owing to the occasional irre gularities of the motive power, and to impurities in the carbons them selves, a fresh set of readings was taken. As often as possible readings were taken through the blue and red media at the same number of revolutions per minute of the arm ature. This was not always prac ticable, or even necessary. This will explain the reason of the variable revolutions recorded in the tables. I may remark that the revolutions were always taken at the commencement and end of each set of lead ings, and if these were tolerably close the mean was taken as the correct value for the mean of the readings. W ith any great variation, say of more than ten revolutions, the readings were rejected altogether. I t was found difficult to make a comparison with a standard or pair of standard candles, owing to the small distance from the screen they sometimes occupied; hence an intermediate light from a paraffin lamp was made use of, which before and after each series of readings was compared with the standard candle. The variation of the lamp light was very small, ranging from 10*23 to 10*05. The light from the electric lamp was admitted into the observing-room through an aper ture in the wall of about 18 inches square, and great care was taken that any reflected light was cut off the screen.
In addition to the optical readings, an endeavour was made to secure a record of the actinic value of light. Paper sensitized w ith silver chloride was exposed to the light at a distance of three feet from the carbon points, one strip was placed behind a cell filled with quinine sulphate, whilst another was exposed to the full action of the unshaded light. The times of exposure varied between one and ten minutes. The intensity of the actinism was measured by Roscoe's method, which need not be described. The curve obtained from the paper exposed behind the quinine cell is practically identical with that obtained optically from the blue components when any one point in the former curve is made to correspond to a point in the latter which has the same abscissa. The following Table gives the results of the experiments made with this particular machine. The numbers or letters in the first column refer to the numbers in the diagram. The horse power given is the total horse-power recorded less that required to drive the machine with the brushes up.
Expenditure of H.P. 
9 0
Integration of Blue Light. In the generator the resistance of the light*circuit coil = O'24 ohm. The light coils were in divided circuit, as were also the right and left stationary coils.
When driven at from 375 to 383 revolutions, the resistance of the voltaic arc was about 0T8 o h m ; the other resistances in the circuit were 0*7 ohm. The electrpmotive force of the machine when driven at the above speed was 111 volts, a measure which has been arrived at by Captain Armstrong from other experiments. The electromotive force between 375 and 383 revolutions of the armature was assumed to vary as the number of revolutions, an assumption which was borne out as practically correct by other measurements made for the purpose. In order to ascertain what effect the insertion of resistance had on the current, the following experiment was undertaken by Captain Arm strong with a smaller form of gramme machine, called Machine No. II.
Two resistances were inserted in the circuit for two different sets of readings, in the first case IT ohm of total resistance, in the other 272.
Table V I refers to these experiments, the curve marked A in the Diagram V being that due to the first, B being that due to the second. It will be noticed that practically the curve becomes a straight line, or, in other words, the electromotive force increases directly as the number of revolutions of the armature, a result which might have been expected theoretically. I t will also be seen that the current for any given number of revolutions varies inversely as the resistance in circuit, or, in other words, that the electromotive force for a given number of revolutions is constant.
In any results, therefore, which are given descriptive of the light produced by any machine, the following should be noted :_ The present communication forms an abstract of the first portion of a series of investigations having the following primary objects in view :-1st. To find out, as far as possible, the normal relative temperatures of different portions of the surface of the head, when the brain is comparatively inactive.
2nd. To study the effect of different mental states upon the different portions of the surface of the head previously examined in the condition of comparative cerebral inactivity.
The ultimate objects were two-fold; namely :-1st. To furnish, if possible, some reliable data as a starting point,
